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Abstract 


The  absorption  spectrum  of  water  vapor  has  bp4n  recorded  at  very  high 
temperatures  (~  1200  K)  in  the  3000  to  4000  cm-l  region  with  Doppler- 
limited  resolution  using  a  tunable  difference-frequency  laser  spectrometer. 
This  region  encompasses  the  strong  OH  stretching  fundamentals  and  the  bend¬ 
ing  overtone.  The  higher  rotational  and  vibrational  energy  levels  observed 
here  are  expected  to  lead  to  extended  theoretical  models  of  which  are 
necessary  to  predict  and  analyze  spectra  from  high  temperature  combustion 


processes. 
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Introduction 

The  high  temperature  absorption  spectrum  of  water  vapor  has  been  re¬ 
corded  in  the  3000  to  4000  cm~l  region  with  Doppler-limited  resolution 
using  a  tunable  difference-frequency  laser  spectrometer.  This  spectral 
region  contains  the  strong  vj  and  \>3  OH  stretching  fundamentals  and  the 
2v2  bending  overtone.  At  the  temperatures  of  this  experiment  (~  1200  K) 
the  V2  vibration  is  highly  excited  so  that  many  hot  band  lines  as  well  as 
higher  rotational  levels  are  observed.  The  purpose  of  this  study  is  to 
extend  the  hot  band  and  high  J  rotation1  assignments  for  H2O  and  to  obtain 
precision  transition  wavenumbers  and  intensities  for  refining  the  theoret¬ 
ical  models.  Water  vapor,  of  course,  is  an  oxidation  product  of  the  burn¬ 
ing  of  hydrocarbons  and  other  fuels  and  an  accurate  knowledge  of  its  high 
temperature  spectrum  is  an  aid  in  combustion  diagnostics. 

The  water  vapor  spectrum  at  low  temperatures  (~  300  K)  is  quite  well 
known  with  the  high-resolution  Fourier  transform  interferometer  study  by 
Camy-Peyret,  Flaud,  Guelachvili  and  Amiot  [1]  being  perhaps  the  most  com¬ 
plete  and  precise  to  date.  This  FTS  study  [1]  is  our  primary  reference  for 
calibration  and  comparison.  At  high  temperatures  the  most  extensive  study 
is  the  H2O  emission  spectrum  from  an  H2/O2  flame  by  Flaud,  Camy-Peyret  and 
Mai  Hard  [2],  also  recorded  on  a  Fourier  transform  instrument.  Temperatures 
in  the  flame  reached  2900  K  which  are  much  higher  than  can  be  obtained  in 
absorption  cell  experiments.  However,  the  complex  temperature  distribution 
in  the  flame  and  its  atmospheric  pressure  operation  create  some  uncertain-  | 

ties  in  measurements  of  line  intensities  and  positions.  Thus  it  seems 
appropriate  to  perform  a  controlled,  low  pressure  absorption  experiment  at 
intermediate  temperatures  to  bridge  the  gap  between  the  cold  water  and  flame 
measurements  in  order  to  confirm  and  extend  assignments  and  to  improve  the 
data  precision  on  which  the  theoretical  models  are  based. 


Experimental  Details: 

Instrumental  Considerations 

The  tunable  laser  Difference-Frequency  Spectrometer  used  to  record  the 
Doppler-limited  spectrum  of  high  temperature  water  vapor  is  shown 'schemat¬ 
ically  in  Fig.  1.  Here  a  cw  single-mode  argon  and  tunable  dye  laser  are 
mixed  in  the  nonlinear  optical  crystal  LiNb03.  The  infrared  beat  frequency 
generated  in  the  Li Nb03  crystal  is  split  into  sample  and  reference  beams 
for  ratio  recording  to  eliminate  amplitude  fluctuations  due  to  the  incident 
lasers.  The  AR-coated  Ge  filters  in  front  of  the  InSb  detectors  pass  the 
IP,  and  eliminate  the  visible  whereas  the  liquid  water  cell  before  the  LiNb03 
filters  out  the  incoherent  IR  generated  by  the  ion  laser  discharge.  Crit¬ 
ical  phasematching  at  90°  to  the  LiNb03  optical  axis  is  achieved  by  temper¬ 
ature  tuning  the  oven-controlled  crystal.  Details  on  the  visible-to- 
infrared  conversion  efficiency,  spectral  coverage,  phasematching  requirements, 
drift  compensation,  extended  scan  range,  stabilization  and  linear  scan  con¬ 
trol  of  the  Difference-Frequency  Spectrometer  appear  in  references  [3 ,4, 5, 6]. 

In  the  present  experiment  the  Difference-Frequency  Spectrometer  was 
tuned  over  the  range  from  4005  cm-l  to  2965  cm"!  to  entumpass  the  entire 
fundamental  vj  and  V3  bands  and  the  overtone  2v2  of  water  vapor.  This  cov¬ 
erage  of  more  than  1000  cm-1  at  ultrahigh  resolution  (instrumental  line- 
width  ~  3  x  10-4  cm-1,  Doppler  linewidth  ~  2  x  10_2  cm-1)  is  by  far  the 
most  extensive  continuous  scan  yet  achieved  with  a  tunable  infrared  laser. 

The  spectrum  was  recorded  in  3.75  cm_l  segments  overlapped  at  3.0  cnr* 
intervals.  Each  segment  required  5  minutes  to  scan  using  a  time  constant 
of  40  msec  chosen  to  provide  good  signal -to- noise  (~  300:1)  and  a  full 
response  to  sharp  spectral  features.  The  data  were  digitized  at  a  20  Hz 
rate  (~  6  x  10"4  cm_l  grid)  and  stored  on  magnetic  tape  for  subsequent  com¬ 
puter  processing.  A  microprocessor-based  tape  data  logger  was  specially 
constructed  for  this  experiment  for  dedicated,  reliable,  high-density  mass 
storage  with  a  local  memory  buffer  and  manual  baseline  digitizer  feature. 

Our  previous  data  acquisition  scheme  involved  direct  transmission  of  the 
digitized  spectrum  to  the  main  laboratory  computer  via  an  interactive  de¬ 
vice  coupler.  However,  that  access  was  too  limited  and  intermittent  for 
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this  experiment  which  required  extremely  long  runs  at  very  high  sample 
temperatures.  A  photograph  of  the  data  acquisition  system  is  shown  in 
Fig.  2. 

The  manual  baseline  digitizer  feature  was  incorporated  to  correct  for 
pathological  baseline  variations  due  to  strong  atmospheric  water  vapor 
absorptions  which  occur  within  the  H2O  range  scanned.  It  was  not  possible 
to  evacuate  the  infrared  section  of  the  Difference-Frequency  Spectrometer; 
however  open  atmospheric  paths  were  reduced  by  inserting  cells  filled  with 
dry  N2  gas.  Some  H2O  lines  are  so  strong  though,  that  even  a  few  centi¬ 
meters  of  atmospheric  path  absorbs  most  of  the  light  in  the  sample  and  ref¬ 
erence  beams,  creating  a  very  noisy  spectrum.  In  addition,  the  experiment 
was  conducted  in  the  winter  months  for  lowest  humidity  since  the  laboratory 
air-conditioning  does  not  significantly  reduce  the  humidity  in  the  summer. 

The  residual  baseline  variations  in  principle  could  be  treated  in  var¬ 
ious  ways.  Ideally,  one  would  record  both  a  full  cell  and  an  empty  cell 
trace  for  normalization.  However,  the  hot  water  cell  could  not  be  readily 
evacuated  since  it  was  sealed-off  and  the  vapor  pressure  was  regulated 
through  a  temperature-controlled  side-arm  ice  reservoir.  Also  this  normal¬ 
ization  method  would  have  doubled  the  data  recording  time  and  storage  re¬ 
quirements  which  would  be  prohibitive  due  to  the  extensive  spectral  cover¬ 
age.  A  second  normalization  method  would  be  to  balance  the  open  atmospheric 
paths  in  the  sample  and  reference  beams  so  that  the  ratio  recording  would 
eliminate  the  atmospheric  background  variation.  Unfortunately  the  double- 
passed  high  temperature  sample  cell  geometry  required  a  minimum  open  path 
of  ~  20  cm,  and  this  long  a  path  in  the  reference  beam  would  have  caused 
the  ratio-denominator  to  approach  zero  for  too  many  lines.  Thirdly  numer¬ 
ical  methods  could  have  been  used  to  estimate  the  baseline  by  distinguish¬ 
ing  between  sharp  Doppler-limited  low  pressure  transitions  and  slow  back¬ 
ground  variations  due  to  broad  atmospheric  absorptions.  This  is  our  usual 
approach  for  generating  baselines  for  molecular  spectra  outside  the  H2O 
region.  However,  the  algorithm  does  not  work  satisfactorily  for  the  strong, 
relatively  sharp,  baseline  variations  due  to  atmospheric  water  vapor  absorp¬ 
tions  which  were  of  course  in  close  coincidence  with  many  of  the  lines  under 
investigation.  For  all  these  practical  reasons  we  chose  to  determine  the 


baselines  interactively  with  a  manual  baseline  digitizer  incorporated  in 
the  data  logger  electronics  using  a  storage  CRT  display.  An  example  of  the 
sampled  baseline  on  a  transmission  trace  is  shown  in  Fig.  3. 

The  observed  signal-to-noise  ratio  of  ~  300:1  was  limited  in  this  ex¬ 
periment  by  background  noise  generated  by  the  high  temperature  sample  cell. 
For  ordinary  room  temperature  ceils  the  instrumental  signal-to-noise  ratio 
is  ~  1000:1.  The  hot  cell  creates  two  excess  noise  sources  -  thermal  back¬ 
ground  radiation  and  atmospheric  convection  currents.  Since  the  oven  and 
cell  walls  at  1200  K  are  glowing  red  hot  it  is  necessary  to  prevent  this 
radiation  from  reaching  the  sample  detector.  This  was  accomplished  by  ex¬ 
tending  the  hot  cell  windows  outside  the  oven  and  optically  masking  the 
walls  by  focusing  and  spatially  filtering  the  infrared  laser  beam.  This 
was  found  to  be  more  effective  than  spectral  filtering  using  a  broad  band 
tunable  interference  wedge  which  caused  additional  attenuation.  Convection 
currents  in  the  heated  air  outside  the  hot  cell  windows  created  excess 
noise  by  shifting  the  infrared  beam  around  on  the  active  detector  surface. 
This  problem  was  reduced  by  inserting  draft-shielding  tubes  against  the  cell 
windows.  Evacuable  antechambers  would  have  been  preferable  but  were  pre¬ 
vented  by  the  oven  configuration. 

Transition  wavenumbers  were  obtained  by  linear  interpolation  between 
fringes  of  a  high  finesse  scan  calibration  interferometer  monitoring  the 
visible  lasers  as  shown  in  Fig.  1.  This  interferometer  was  referenced  to 
a  Lamb-dip  stabilized  He/Ne  laser  which  maintained  the  calibration  and  re- 
settability  to  ~  5  x  10-4  cm-1  during  the  entire  course  of  the  experiment 
(~  1  month).  The  calibration  of  the  index  frequency,  free-spectral -range 
and  dispersion  of  the  interferometer  was  accomplished  by  reference  to  the 
room  temperature  H2O  Fourier-transform  study  by  Camy-Peyret  et  al .  [1]. 

Here  cold  water  spectral  excerpts  were  recorded  about  every  100  cirri . 

Clean,  isolated  reference  lines  were  selected  and  the  Fabry-Perot  fringes 
were  least-squares  fit  to  a  parabola.  The  correct  interorder  number  could 
be  estimated  from  previous  precision  measurements  [3]  of  the  free-spectral - 
range  and  were  verified  by  the  continuous  scan  of  the  high  temperature  H2O 
spectrum.  The  fit  resulted  in  a  calibration  curve  of 


o)(sj  =  oj0  -  Nx(FSR-NxDISP ) 


where  N  is  the  interorder  number,  w0  =  4005.19963  cirri  t  fsr  =  0.0500316  cirri 
and  DISP  =  1.6136  x  10"10  cm_l.  The  dispersion  (variation  of  the  free- 
spectral  -range)  is  quite  noticeable  over  the  extensive  tuning  range  covered 
in  this  experiment  (Nf^X  ~  21000).  It  results  principally  from  wavelength- 
dependent  phase  shifts  in  the  double-stack  broad-band  multidielectric  re¬ 
flective  coatings  of  the  scan  calibration  interferometer  and  to  a  lesser 
extent  from  the  dispersion  of  air  over  the  dye  laser  tuning  range. 

Sample  and  Cell  Considerations 

The  absorption  cell  used  in  this  experiment  was  a  4.1  cm  diameter  fused 
quartz  tube  with  3  mm  thick  GE125  fused  quartz  Brewster  angle  windows  glass 
blown  on  to  the  ends  of  the  tube.  These  windows  are  relatively  water-free, 
exhibiting  only  ~  3%  broad-band  absorption  between  3600  and  3700  cnv*l.  A 
~  10  cm  long  quartz  side  arm  was  blown  onto  the  tube  near  one  end  for  pump¬ 
out,  fill  and  seal -off  and  for  containing  the  sample  reservoir  during  the 
experiment.  The  cell  was  approximately  130  cm  long  with  the  ends  protruding 
equally  from  either  side  of  the  90  cm  long  tube  furnace. 

The  Marshall  furnace  consisted  of  a  30  cm  and  a  60  cm  section  mounted 
end-to-end  with  a  5.1  cm  bore  and  a  6.5  cm  insulating  wall.  The  furnace 
was  rated  at  1100°C  and  was  operated  at  ~  927°C  during  this  experiment. 
Temperature  was  measured  with  two  platinum/platinum-13%  rhodium  thermo¬ 
couples  and  a  digital  readout  (Doric  412A  Trendicator,  nominal  calibration 
accuracy  ±  0.6°C).  Temperature  was  maintained  manually  ±  1°C  using  Variac 
controls  on  the  AC  power  to  the  ovens  after  about  a  3  hr.  warm-up  each  day. 

A  schematic  of  the  oven  and  cell  and  the  measured  temperature  profile  is 
shown  in  Fig.  4.  There  is  a  slight  drop  in  temperature  at  the  junction  of 
the  two  ovens  and  much  larger  gradients  near  the  ends  of  the  oven.  The 
cell  extends  through  the  gradient  region  out  to  room  temperature  in  order 
to  avoid  the  excess  noise  problems  associated  with  hot  windows  as  discussed 
previously. 
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The  water  vapor  pressure  is  maintained  constant  throughout  the  cell  by 
controlling  the  temperature  of  the  H2O  ice  reservoir  in  the  side  arm.  The 
cold  bath  contained  a  ~  40%  ethylene  glycol  in  water  antifreeze  solution 
adequate  for  cooling  to  below  -20°C  by  passing  cold  liquid  nitrogen  boil- 
off  gas  through  an  immersed  copper  coil.  The  antifreeze  was  temperature 
regulated  with  an  immersed  resistance  heater  to  ±  0.2°C.  For  the  spectral 
region  above  ~  3270  cm-l  where  the  water  vapor  absorptions  are  strongest, 
the  bath  temperature  was  -20  ±  0.2°C  corresponding  to  a  vapor  pressure  of 
0.776  ±  0.015  Torr.  Below  3270  cm-*  a  reservoir  temperature  of  -10  ±  0.2°C, 
corresponding  to  a  vapor  pressure  of  1.95  ±  0.04  Torr,  was  used  to  enhance 
the  weaker  transitions.  In  both  ranges  the  cell  was  double-passed  to  in¬ 
crease  the  absorptions. 

The  water  sample  itself  was  freshly  distilled  and  deionized  (p  >  18  Mft-cm) 
before  filling  the  cell.  Nevertheless  both  CO2  and  CH4  impurity  lines  are 
observed  in  the  spectrum.  These  impurity  lines  were  easily  recognized  by 
their  distinctive  patterns  and  they  were  sparse  enough  that  there  was  little 
interference  with  the  water  spectrum.  It  is  believed  that  the  CO2  was 
present  in  the  initial  water  sample  due  to  absorption  from  the  air  since 
the  amount  of  CO2  increases  with  the  amount  of  time  between  distillation 
and  cell  filling.  The  CH4  only  appears  after  cycling  to  high  temperatures 
and  may  involve  degassing  from  the  cell  walls.  A  bake-out  of  the  cell  under 
vacuum,  however,  did  not  eliminate  the  methane. 

It  should  also  be  noted  that  we  initially  tried  some  metal  cells  con¬ 
structed  of  inert,  high  temperature  alloys,  Monel  400  and  Inconel  600. 

Metal  cells  would  be  more  covenient  for  attaching  flanges  and  demountable 
IR  windows.  However,  the  water  vapor  reacted  with  the  hot  metal  walls  at 
temperatures  above  ~  550°C  and  consequently  the  spectrum  disappeared. 

Plating  the  cells  with  rhodium  and  platinum  did  not  prevent  this  oxidation. 

For  the  much  higher  temperatures  desired  for  this  experiment,  the  metal 
cells  were  abandoned  in  favor  of  quartz. 
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Results  and  Discussion 

The  complete  high  temperature  water  vapor  spectrum  recorded  between 
4005  and  2965  cm"l  is  presented  in  Appendix  I  in  overlapping  12.75  cm"l 
panels.  The  spectral  intensity  scale  shown  is  normalized  according  to 
Beer's  law 

I(aj)  =  (PxL)-1  *n(B(u)/S(w)) 

where  P  is  the  vapor  pressure  in  Torr,  L(=  252  cm)  is  the  double-passed 
cell  length,  B(w)  is  the  baseline  corresponding  to  the  empty  cell  trans¬ 
mission  and  S(u>)  is  the  water  vapor  transmission  spectrum.  Even  though 
the  pressure  is  uniform  throughout  the  cell,  these  intensities  must  be 
corrected  for  the  variation  of  density,  Doppler  width  and  lower  state 
populations  due  to  the  temperature  gradients  in  the  cell.  For  example 
high  temperature  lines  not  seen  at  room  temperature  (i.e.,  hot  band  and 
high  J  transitions)  have  a  shorter  effective  cell  length  (~  136  cm)  and 
twice  the  Doppler  width  as  a  300  K  line.  Such  linewidth  variation  is 
readily  observed  throughout  the  spectrum  and  helps  to  distinguish  the  hot 
lines.  Lines  seen  at  both  high  and  low  temperatures  have  a  complex  line- 
shape  corresponding  to  the  sum  of  Gaussians  weighted  by  the  temperature 
distribution.  Therefore  one  must  proceed  with  care  in  analyzing  these 
intensity  data  for  transition  moments.  This  problem  is  similar  to  that 
encountered  in  atmospheric  and  plume  modeling  v/hich  are  also  Dlagued  by 
complex  pressure,  density  and  temperature  distributions.  In  the  present 
case  these  distributions  have  at  least  been  measured  from  the  vapor  pres¬ 
sure  at  the  cold  bath  temperature  and  the  cell  temperature  profile  shown 
in  Fig.  4.  A  theoretical  Hamiltonian  model,  however,  is  required  to  de¬ 
termine  the  Boltzmann  populations  of  the  lower  levels  and  the  rotational 
wavefunctions  before  we  can  compare  the  transition  moments  to  the  data. 

Impurity  lines  in  the  spectrum  of  Appendix  I  are  labelled  by  an  as¬ 
terisk.  Those  arising  from  the  vj+v3  and  2v£+v3  combination  bands  of 
CO2  and  their  associated  hot  bands  are  confined  to  the  3753  to  3554  cm*! 
region.  They  are  easily  distinguished  from  water  vapor  lines  by  their 


narrower  Doppler  width  as  befitting  a  heavier  molecule.  Lines  due  to  the 
V3  band  of  CH4  fall  below  3200  cm-1.  The  noisy  regions  of  the  spectrum 
occur  locally  near  very  strong  atmospheric  water  vapor  absorptions  and 
arise  because  of  the  low  light  level  incident  on  the  reference  detector. 

The  wavenumber  scale  in  the  spectrum  is  calibrated  against  the  cold 
water  spectrum  of  Camy-Peyret  et  al .  [1]  as  mentioned  previously.  A  list¬ 
ing  of  the  observed  line  center  wavenumbers  in  cm-1  and  the  measured  peak 
intensities  in  (Torr  m)~l  is  given  in  Appendix  II.  The  DIFF  column  is  the 
wavenumber  difference  in  10_4  cnr*  for  the  present  data  minus  prior  liter¬ 
ature  values.  The  prior  references  are  coded  in  the  CD  column.  C  stands 
for  the  cold  water  data  of  Camy-Peyret,  Flaud,  Guelachvili  and  Amiot, 

Mol.  Phys.  26,  825  (1973).  A  and  B  are  the  theoretical  and  hand  measured 
frequencies  in  Ref.  C.  S  represents  the  very  strong  cold  water  lines 
[INT  >  2.0  (Torr-m)-1;  off  scale  on  the  plots]  which  were  somewhat  satu¬ 
rated  in  the  present  transmission  spectra,  so  their  frequencies  and  inten¬ 
sities  are  not  given  reliably.  H  represents  the  high-temperature  flame- 
spectra  water  vapor  emission  lines  observed  by  Flaud,  Camy-Peyret  and 
Maillard,  Mol.  Phys.  32,  499  (1976);  the  unpublished  listing  was  obtained 
from  J.-M.  Flaud.  D  corresponds  to  the  theoretical  line  positions  of  car¬ 
bon  dioxide  combination  bands  by  Gordon  and  McCubbin,  J.  Mol.  Spectrosc. 

19,  137  (1966)  [7],  M  corresponds  to  methane  line  frequencies  given  by 
Tarrago,  Dang-Nhu,  Poussigue,  Guelachvili  and  Amiot,  J.  Mol.  Spectrosc.  57^, 
246  (1975)  [8].  Those  methane  lines  not  included  in  Tarrago  et  al .  were 
identified  with  reference  to  Gray,  Robiette  and  Pine,  J.  Mol.  Spectrosc. 

77,  440  (1979)  [9]  but  no  frequency  comparisons  were  made. 

There  are  many  lines  that  appear  in  the  spectral  plots  that  are  not 
listed  because  the  peak  finding  routine  rejects  lines  that  are  too  weak, 
too  strong  or  too  broad.  The  weak  lines  are  eliminated  in  order  to  dis¬ 
criminate  against  noise;  the  strongest  lines  are  completely  saturated  and 
the  broad  lines  are  usually  blends  or  shoulders  whose  frequencies  would 
not  be  determined  accurately  by  the  program.  The  program  may  also  gener¬ 
ate  slight  errors  on  asynmetric  lines  such  as  those  due  to  incompletely 
re solved  K-doublets  with  3:1  statistical  weights.  Similarly  partially 
resolved  blends  may  create  errors  since  the  curve-resolving  routine 
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requires  lines  of  uniform  width  and  Gaussian  shape  whereas  the  data  include 
various  shapes  and  widths  due  to  hot  and  cold  lines  and  impurities. 

The  instrumental  precision  of  the  difference-frequency  spectrometer  is 
dominated  by  the  least  reading  (or  digitizing  grid)  and  is  ~  6  x  10-4  cm-l. 
The  performance  here  may  be  somewhat  degraded  because  of  the  water  vapor 
sample  itself.  Here  the  Doppler  widths  are  relative  large  because  of  the 
light  molecule  and  high  temperatures.  The  background  is  noisier  than  usual 
due  to  black  body  thermal  emission  from  the  hot  cell  walls  and  to  the  hot 
air  convection  currents  moving  the  infrared  beam  around  outside  the  cell. 
Also  the  atmospheric  water  vapor  absorption  creates  a  pathological  baseline 
that  causes  noise  and  distortion  near  strong  lines. 

The  error  distributions  for  the  cold  and  hot  water  and  methane  lines 
are  shown  in  Figs.  5,  6  and  7.  For  cold  water  we  have  taken  all  lines 
labelled  C  and  ignored  those  labelled  A,  B  and  S  to  obtain  an  average  de¬ 
viation  of  -0.47  x  10-4  cm-1  and  an  rms  deviation  of  8.25  x  10-4  cm-1.  For 
the  flame  spectra  labelled  H,  we  obtain  an  average  deviation  of 
-5.25  x  10-4  cm-l  and  an  rms  error  of  36.93  x  10-4  cm-1.  The  methane  com¬ 
parison  yields  an  average  shift  of  -0.82  x  10-4  cm-1  and  an  rms  error  of 
5.47  x  10“4  cm"l,  but  there  are  probably  not  enough  methane  lines  to  give 
good  statistics.  Of  course,  these  rms  deviations  are  due  to  random  errors 
in  both  the  present  data  and  the  previous  measurements.  Any  systematic 
errors  in  the  original  calibration  spectrum  C  will  be  reflected  in  the 
present  measurements.  The  previous  flame  spectra  of  Mai  Hard  suffered  from 
even  larger  linewidths  and  possible  pressure  shifts  due  to  operation  at 
atmospheric  pressure.  Therefore  the  present  hot  water  data  are  expected 
to  be  considerably  more  precise  (~  1  x  10-3  cm-l)  than  the  flame  spectra. 
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Fig.  1.  Optical  schematic  of  the  difference-frequency  spectrometer.  are  mirrors, 
BS.  are  beam  splitters,  L.  are  lenses,  A  are  apertures,  TF  is  tuning  fork  chopper.  Si 
ar4  PIN  silicon  photodiodes,  InSb  are  photovoltaic  IR  detectors. 


Fig.  2.  Data  acquisition  system.  Digitized  data  stored  in  memory  and 
tape  of  tape  logger;  displayed  on  storage  CRT;  interfaced  with  labora¬ 
tory  computer  via  device  coupler;  terminal  used  to  communicate  with 
laboratory  computer  on  time-sharing. 


Fig.  3.  Interactive  baseline  digitizer.  The  dotted  curve  on  the  base¬ 
line  is  entered  interactively  and  the  baseline  is  linearly  interpolated. 


HOT  WATER  VAPOR  CELL 


TEMPERATURE  PROFILE 


L  (cm) 

Fig.  4.  Sample  cell  schematic  and  temperature  profile.  During  scan 
thermocouples  monitored  temperature  at  peaks  of  profile  at  TCI  and 
TC2,  and  ovens  were  controlled  individually. 
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DISTRIBUTION  OF  DIFFERENCES  IN  1 0 ” 4  CM 

J _ I _ I _ I _ 


12.5 


10.0 
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0  .  0 


HOT  WATER  LINES  N  =  533  AV=-5.246  R  M 5  =  36.93 

Fig.  6.  Comparison  differences:  present  hot  water  lines  minus  Ref.  H  [2]. 
Differences  in  units  of  10"4  cm-1. 
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DISTRIBUTION  OF  DIFFERENCES  IN  lo"4  CM 


METHANE  LINES  N=  90  AV=-0.822  RMS=  5.47 


Fig.  7.  Comparison  differences:  present  methane  lines  minus  Ref.  M  [8]. 
Differences  in  units  of  10"^  cm-1. 
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Appendix  II. 

Listing  of  Wavenumbers  and  Intensities  of  Hot  H2O 
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